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SPECIFICATION 



(Ref:FEM-1729US) 



LIGHT OU1DK HLATft. SURFACE LIGHT SOURCE DEVICE AND 
DISPLAY 



1. Field of Invention 

The present invention relates tn a light guide plate emitting light from 
an emission face after applying direct! on -r.nnversi on within the light guide 
plate to light supplied themtn Ririewayft, and to a surface light source device 
and display employing the light guirip plate. 

2. Related Art 

A well-known technique givp.fi a surface light source device that employs 
a. light guide plate having an incidence end face provided by a side end face 
and an emission face provided by one nf two major faces (i.e. faces larger 
than end faces), wherein light ir introduced into the light guide plate 
through incidence end face, the Rurface light source device being applied to 
various uses such as back-lighting for a liquid crystal display. A surface 



light eource device of such a type has a basic pfirtormance greatly depending 
on a light guide plate employed therein. 

A basic function of a light gxtide plate is tn change a propagation 
direction (roughly in parallel with en p/miftfiinn face of the light guide plate) 
of light introduced into the light guide plate through n sirift end face bo that 
the light ie emitted through the emission far.p.. As known well, a simply 
transparent light guide plate without any modification is oapablft of 
deflecting light little, providing a unsatisfactory brightness Thp.rp.fnre any 
means for promoting emission through the emission face is rp.qmrp.rl. 

The present inventor has proposed a light guide plate provided with 
eo-called micro-reflectors and snrfanp light source device/LCD employing 
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the light guide plate, being disclosed in PCT/JP00-M«7i (WO 00-494 32). 

According to this proposed prior art, a light guid* plate has a back face 
provided with a great nuxuber of micro-reflectors. As shown in Ffc.lO. each 
mi cro-reflectnr has a fir*L and second reflation surfaces which are a pa.r of 
inclined reflection surface, to provide a valley inaide. Upon reaching a 
^icro-reflector and entering into a valloy thereof on the way of propagation 
within the light guide plate, light i. direction-courted mainly by inner- 
, e flectiou R effected twice. This twice effected inner reflection consist of 
two inner reflections, one inner reflection being effected at one of the first 
and second reflection surfaces and tho other inn«r reflection then bemg 
O effected at th* other of the first and second reflection surfaces. 

This dictum -conversion produces light directed to the emission face, 
promoting etniaaion from the emission faco. A propagation direction uflight 
after being cinection-convexted by each micro-reflar.tor mainly depends on 
the inclinations (i.e. spatial directions) of the first, and second reflection 
eurfaces of the micro-reflector. Therefore angular emission characterise 
of the light guide plate as a whole can be control.** within a remarkable 
range by mesne of adiusting factors such as direction distribution uf 
reflection surges, or arraying pattern or distribute of the micro- 
reflectors. 

According to typical desigue, it is aimed that a light, guide plate allows 
on emission face of the li K hL g^de plate to emit the most intensive light 
toward a generally frontal direction. Employable primary light source, for 
applying light to the light guide plate include a line-like light source such 
a3 cold cathode Imp and point-like light source such as light emitting diode, 
both being ueablp. for providing a surface light source device to have an 

improved brightness. 

By the way. a known surface light source device applied to a car 
navigation device or the like employs a Shaped fluorescent lamp as a 
primary ligJht source, the U-shaped fluorescent lamp being disposed as to 
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surround a light guide plate from three directions. According to this 
technique, light supply from three direction causes the total light supply 
(amcmnt. „f mputted light) to be incrcaeed. Therefore the technic^ is 
advantageous for realizing a high brightness. 

Howaver. while two of the ahovo threQ primary light supplying 
direction* in the technique are parallel to each other, the other direction is 
generally perpendicular to the two directions. A problem arises if the 
above-mentioned micro- reflectors arc employed in mi* a case where there 
ate a plurality of primary light supplying direction including a pair of 
directions (called Direction 1 and Direction 2 for th» sake of convenience) 
perpendicular to each other. 

That. ia. if the micro-reflectors ae shown in Fig 1 0 are orientated u» to 
be fit for Direction 1, while light supplied from DirP.cf.ion 1 is effectively 
direction -converted and directed to an emission fan*, light supplied from 
I Direction 2 lb not expected to be done eo. Alternatively, if the micro- 

/ reflectors are orientated as to be fit for Direction *. while light supplied 

^ from DirP.r.tion 2 is effectively omiceion-promotP.ri. light supplied from 

Direction 1 is not expected to be done go. 

It m difficult in practice to determine a good, even if not the best, 
orientation of micrO-reflecLore fitting for both Direction 1 and Direction 2 
because they are generally perpendicular to each othpr. 

OBJECT AND SUMMARY OK I INVENTION 
The thp. present invention is propocod under th P . above-described 
background, aiming to pruvide an art that enables a light guide plate, 
eurface light source device and display which are able to output effectively 
an illumination emission if light ia eupplied thron E h incidence faces 
provided by a plurality of end facee extending in dirP.r.tions generally 
perpendicular to each other. 

Viewing from another standpoint, the pre* nt invention aims to provide 
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a techniojie which enables a generally frontal illumination emission 
effectively without a particular need of ligkt propagation direction 
/nodifying mamber (such, as prism sheet). 

In the first pine*, the preheat invention ie applied to a light guide plate 
which has at) mission face provided by a major face, a back face opposite 
with the emission face and a plurality of end face* for introducing light, the 
end faces including a first end face extending in a fi»t direction and a 
cocond end face extending in a second direction which is generally 
perpendicular to the first direction. 

According to a feature of Lhe present invention, the hack face of the 
light guide plate i* provided with not only a groat number of prnjer.tion-like 
mi cro-reflector S and but also a great number of ridge-Hke pactions for 
direction-conversion. Each of the micro-reflectors has a pair of slopes which 
mc ot each other as to form a ridge that gets closer with an increasing 
dietanca from tha first end face and extend, in a directmn generally 
perpendicular tn the first direction. Bach of the ridge-Jika projections 
extends in a direction generally parallel with the second directum. 

This feature anables each raicro-reflector to have an inner input, 
coneiating of light which has been introduced into the light guide plate 
through the first end face, from directions falling within a certain angular 
range around a canter direction perpendicular to the first direction. This 
inner input to each micro-reflector i* effectively diroction-convertad into an 
inner output light directed to the emission face through doubln reflections 
effected by a pair of slopes of the miuro-reflector. Ac a reeult, th* light 
introduced into the light, guide plate through the first end face is effectively 
outputted toward a generally frontal direction of the omission face. 

On the other hand, a light introduced into the light guide plate through 
the accond end face in also converted into an inner output light diranted to 
the emission faca due to direction-conversion effected by tha ridge-like 
projection. Thus the light introduced into the light guide plat* through the 
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oooond end face is also effectively outputtod toward a generally frontal 
iiroction of the evasion face. Aft»* all, both fluxes of light introduced iniu 
the light guide plate through the first and second end face* are outputted 
coward a generally frontal direction of the cmieeion face. This eliminates a 
particular need nf light propagation direction modifying mmnnax (such as 
prism cheat) for modifying direction characterise of the emission from the 
emioeion face. 

A typical micro-reflector shape is like quadrangle pyramid. In a typical 
caeo. caoh ridge-like projections a pair of slopes extending it. a direction 
generally parallel to the second direction, thoreby uneven configurations 
being formed periodically and repeatedly along a direction generally 
perpendicular to the second direction. 

In the ae*t place, the present invention io applied to a surface ligkl 
aource device which has a Ught guide plato having an emission face 
provided by a major face, a back face opposite with eaid emission face and a 
plurality of end fanes for introducing light, and at least one primary light 
source for supplying light to said end facee. The light gnide plate is one 

featured as abov*. 

That is, the beck face of the light guide plate i> provided with not only a 
great number of projection-like micro-reflector B and but also a great 
number of ridge-like projections for direction-conversion Kach of the 
nucro-roflectors has a pair of slopes which meet each other a* to form a 
ridge that gete clow with an increasing distance from the first, end face and 
extends in a direction generally perpendicular to the firet direction Kaeh of 
the ridge like projections extends in a direction generally parallel with the 
secoad direction. 

The merits of the light guide plate are maintained in the surface light 
source device. In other words. Since the micro-reflectors and ridge-like 
projections operates effectively, both fluxes of light introduced ftito the light 
guide plate through the first and second end faces are outputted toward a 
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generally frontal direction of the emission fee*. This eliminates a particular 
r.e P -rt of light propagation direction modifying member (such as prism sheet) 
Fnt modifying direction characteristics of the emission from the emieeion 

facfi. 

A typical micru-ieflector shape » like quadrangle pyramid,-. In a typical 
caee , each ridge-like projections a pair of slopes extending in a direction 
orally parallel lu the second direction, thereby uneven configurations 
being formed periodically and repeatedly along a direction generally 
perpendicular to the second direction. 

Further, the present invention io applied to a display having a liquid crystal 
display panel and a surface light cource device for illumination the liquid 
crystal display panel. The liquid crystal display is one featured as above. 

The merits of the surface light source device are maintained in the 
display- in other words, since the surface light source device is featured aa 
above, the liquid crystal display is illuminated from a generally 
psrpendicular directs, providing a screen which looks bright as viewed 
from a frontal direction. 

DHIBP DESCRIPTION UP DRAWINGS 
Fig.l is a plan view illustrating a back face of a light euide plate 
employed in a surface light source device applied to a liquid crystal display 
of a first, embodiment in accordance with the present invention; 

Kig.2 is an exploded perspective view of the liquid crystal display to 
which the surface light source device employing the light guide plate shown 

in Fig.l is applied; 

Fig.Sa and Fig.3b are a aide view and plan view of a micro -reflector 
formed on . hack face of the light guide plate shown in Kig.l. respectively, 

Fig.4 is a graph plotting angular cmieeion characteristics in a ca 5 e 
where sn illumination light is introduced though an incidence face 
corresponding to one of longer sides of the light guide plate shown ia Pig.X: 
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Fig.G is a graph plotting angular emission characteristics in a case 
where an illumination light ie introduced though an incidence face 
corresponding to the other of the longer sides nf the light guide plate shuwa 
in Fig.l; 

Fig. 6 ia a graph plotting angular emission characteristics in a case 
Where an illumination light ie introduced at the same time though incidence 
faces corresponding to the respective longer Rides of the light guide plate 
shown in Fig.l; 

Fig.7 is a graph plotting angular emission characteristics in a case 
where an illumination light ie introduced though an incidence face 
corresponding to one of shorter oidoe of the light guide plate shown in Fig.l; 

Fig.8 is a gi-aph plotting angular emission characteristics in a case 
where an illumination light ie introduced at the same time though incidence 
faces correspunding to both rcQpoctiva longer side* and the one shorter side 
of the light guide plate shown in Fig.l; 

Fig.9 is a plan view illuetrating a back face of a light guide plate 
employed in a surface light oource device applied to a liauid crystal display 
Of a second ymbodiment in accordance with the present invention; and, 

Fig.lO is a perspective view illustrating an operation of a micru- 
reflector employed in a prior proposed art. 

EMBODIMENT 

Embodiments in accordance with the present invention are described 
helow in detail with referring to the drawings. It is notp-d that some parts 
are exaggerated as required for giving eaey understandings in the 
drawings. 

(i) First Embodiment 
Fig.2 is an exploded perspective view of the liquid crystal display of the 
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first embodiment. A liquid crystal display 11 applied, for example, lu a car 
navigation device, has a liquid crystal display panel 12 which illuminated 
from the back side by a surface light source device 13. providing an image. 
The light source device 13 hae a light gnirie plate 15 and a U-shaped 
fluorescent lamp 14 disposed along three end far.P.s lb ISA. 15B and 15C uf 

r.he light guide plate. 

The light guide plate 16 have major faces which provide an emission 
face 15D and a back face 16E opposite with the emission face. Iu this 
embodiment, the back face 16E extends in parallP.1 with the emission face 
15D except flue-uuevenncas provided by mirm-reflectors and ridge-like 
projections described later. Alight diffusion sheet 1 K and reflection sheet 17 
are disposed along the emiaaion face 15D and back face 15B. respectively. 

The reflection sheet 17 made of a white shep.t, member reflects and 
returns a leaking light, which has gone out from thP. hack face 15E, into the 
light guide plate 10, thereby avoiding loss of illumxnstirm light. The U&kl 
Diffusion sheet 16 is made of a light permeable sheet which scatters weakly 
tne illumination light emitted from the emission face 15D. Such a weak 
scattering makes fine elements euch as micro-reflP.r.tnrs described later 
inconspicuous and also makes an abnormal emission, even if it is caused by 
flaws or the like in the light guide plate 15, inconspicuous! 

Further to this, the light diffuoion sheet 16 relaxes a fine-unevenness 
in brightness, even if it appear on the omiesion face 151). by means of the 
wP.ak scattering effect. Saying from another standpoint, the light diffusing 
sheet Jfi has a function of preventing the emioision face 15 of the light guide 

plate 1 fi from being flawed. 

The light guide plate 10 is an transparent injection-molded plain- 
plate.lifcft member made of transparent material such as acrylic resin 
(PMMA resin) or cycloolefinio polymer. 

The emission face 10D and back face 15E are shaped like rectangles , 
respectively, which have a pair of longer sides providing end faces ISA and 
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10B and a shorter aide providing an end face 1 fiR. In this embodiment, these 
three end faces serves as incidence faces (incidence end faces). respectively, 
along which a U-ahapcd fluorescent lamp 1 4 if; arranged- In general, such a 
UkIiI introduction through a plurality of end faces brings an increased light 
input to the light guide plate as compared with cases where light is 
introduced through only one end face. 

The emission face 16D provides a flat surface. On the other hand, the 
back face 15E is provided with a great number of projection-like micro- 
reflectors and a ridge-likc projections. A. direction-conversion effect is 
illustrated in Fig.3a and Fig.3b which are a sirlR view and backside plan 
view of a micro-reflector, respectively. 

As understood from tho illuetrations, on in -ner-inputting into a micro- 
reflector 19, an illumination light L traveling with)* t.hft light guide plate 
15 is converted into an inner output light directed tn a generally frontal 
direction with respect to the cmiceion face 15D mainly through double 
reflections. This inner output light ie outputted from thn emission face 15D 
toward a generally frontal direction. 

Seeing iu details, the micro reflector 19 has a pair of slopes 19 A and 
19B. and anuther pair of slopes 19C and 19D which are formed as to avoid 
the illumination light approaching the elopee 19A and 19H from being 
blocked, wherein these four slopes 1BA, 19B, 19C and 1911 «tr geometrically 
connected directly to each other to form a chape like a quadrangle pyramid. 

The slopes 19A and 19B are inclined ae to meet each ot.hftr and make a 
designed vertical angle. Besides, the slopes 19A and 19B provide n V-shaped- 
valley getting shallower with an increasing distance from the end face IbA. 

Thus the slopes 19A and 19D are formed face-eymmetrically with 
respect to a plane which passes a ridge IDE and ic perpendicular to the 
emission face 15D. The ridge 10E is inclined as to get cloeer to the back far.e 
IBM with an increasing diblance from the incidence face ISA, extending 
generally perpendicular to the incidence face 15A. 
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Therefore almost all of illumination light L. TRachmg the micro- 
reflectors 19 through the incidence faco 15A does not male* a large angle 
with the extending direction of the ridge 1BE. Accordingly, light is 
introduced emuuLhly in the vallcyc on both sides of the ridge 15E. surely 
BEING GUIDED lo double and aucooGoive inner reflections by one and the 
other of the sluyes 19 A and 10B. As a result, an inner output light directed 
to the emission face 1GD is produced, realizing an effective emission from 
the emission face ID toward generally frontal directions thereof. 

Each micro -reflector 19 has another pair of slopes 19C and 1BD. These 
are inclined, like the slopes lOAand 19B. as to meet each ottie.r and make a 
designed vertical angle, thereby providing a ridge 19F corresponding to the 
meeting line. The slopes 19C and 19D provide a V-shaped valley getting 
shallower with an increasing distance from the end face 15* 

This valley is formed face-symmetrically with respect, to a plane which 
passes a ridge 19F and ifi perpendicular to the emission face 1 HT). The ridge 
19K is inclined as to geL closer to the back face 1555 with nn increasing 
H distance from the incidence face 16B, oxtonding generally pnrpendicular to 

P the incidence face 15B. 

t Such a structure causes illumination light L reaching the micro- 

reflector 19 via the incidence face 15B to bo accepted smoothly into the 
valley formed on both bides of the ridge 1BF. And an inner nutput light 
directed to the emission face 1DD is produced through double reflections by 
one and the other of the slupes 19C and 1GD, ouroly leading to an effective 
emission from the emission face 10B toward generally frontal directions 

thereof. 

After all. 

After nil. both fluxes of light introduced into tho light guide piste, 
through thR incidence faces 15A and 15D are emitted effectively toward e 
generally frontal direction of the emission face 15D. 

It is noted that formation density of the micro reflectors 19 (covering 
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rat R ; area covered by micio-refl ctora per unit area) may be adjusted 
depending on position on the back face 15E go that a flat brightness 
distribution is obtained over the emission face 15D. Sizes of the micro- 
reflectors if) are preferably designed aa to be enough small to bp. hardly 
visible. 

Further, an arrangement of the micro-reflectors are preferably 
designed so that they have no .striking periodic regularity in order to 
prevent, an overlappinR relatiun with other fine elements (such as I ,CI> cells 
or wiring pattern) from generating Mire pattern. 

In the next place, a direction conversion applied to light introducer! into 

2 the light guide plate 15 through the incidence face 16C in described. A great 
j attention should be paid to a fad lhat the incidence face 1BC extends in a 
J direction generally Perpendicular Lu both incidence faces 15A and 15* 
J important and the micro-reflecturs 19 are structured and orientated as 
* above-mentioned, and accordingly, it is not expected that the micro- 
reflectors 19 have an effective direction conversion function. 

J Therefore ar.ot.her direction conversion means is required for this light. 

3 coming via the incidence face 15C. This direction conversion means is 
! provided by a great.nuraber of ridge-like projections formed on the back face 

15E according to thp. present invention. 

Referring to Kig.l. enlarged illustrations A and B show cross sections of 
tbo light guide platR 1ft at positions relatively close to and relatively far 
from the incidence face lbC beside a view of the back face 1BE of the light 
guide plate 15. Each ridge-like projection 20 has a triangular croeo ooction 
and extends in a direction generally perpendicular to the incidence face ISA, 
in other wards, generally parallel to the incidence face 15C. 

This extending direction is advantageous for preventing the ridge like 
projections 20 from shining and looking like excessively bright straight 
lines, which could be caused hy light that introduce through the incid nee 
faces 15A and 15B. 
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In this embodiment, each ridge-like projection baa a pair of elopec 20A 
Tiri 20B. The slopes 20A nd 20B extend in a direction generally 
perpendicular to both incidents face* 15A and 15B as Bhown in Fig.l. It 
should be noted that extending flat, surfaces are cut off by micro rcflcctore 
at. locations occupied bv them. 

Each slope 20A on the side relatively far from the incidence face 15C 
cnnvRrts. directly or indirectly, an direcLiun of illumination light LC, which 
is introduced into the light guide plaLe 10 through the incidence face 1BC, 
into a direction directed to the emission face 15D after being inner -reflected 
by a slope 2 OB. 

O Inclination angles 9 A and 0 B of slopes 20A and 20B arc designed eo 

that, inner-reflections at slopes 20A aud 20B are total reflections aa surely 
as possible *™i a main direction after being inner-reflected at a slope 20Ais 



I'll generally frontal. 



Ir> pruRtice. angle 8 A is about 45 degrees and angle 0 B is larger than 
angle B A hut smaller than 90 degrees. In Lhis embodiment, B A - 45 
degrees and 0 B = 75 degrees. It is no Led that such angle 8 B smaller than 
90 deerenR avoid the light guide plale 10 from getting thinner with 
repeated configurations of Slopes 20A. 

As dsscribp.fi above, the surface light suurce device 13 in this 
embodiment p.Tiahles not only an illumination light introduced into to the 
light guide plate 15 trough the incidence faces 15A and 15B U> be emitted as 
being promoted by thft micro -reflectors 19 but also an illumination light 
introduced into to the light guirlft plate lb trough the incidence face 1GC 
extending in a direction generally perpendicular to the incidence faues IDA 
and 15B to be emitted as being promoted by the ridge-like prolections 20. 
Boeidcc, both emission promoting effects realize an emission generally 
frontal with respect to the emission face. 

It is noted that the ridgft-hke projections 20 may be formed with a 
repetition pitch decreasing with an i^rfiasing distance from the incidence 



12 



01 10/30 16:51 FAX 03 350L2570 t^bM^MM * STAAS&HALSEY @016 



in 



face 15C. If eo formed, a reducad unevenness in brightness depending 
distance from the incidence face 1 &r. can be obtained. 

If a liquid cryetal display panel 12 is illuminated by such a surface light 
S ourcc device 13 as shown in Fig % the surface light source device 13 causes 
the liquid eryotal display panel H9. tn have a screen displaying a bright 
image which a user observes. 

It is noted that an asymmetTir. micro-reflector having different 
configurations on the inner input siiJr and the inner output side may be 
employed in caeee whero the incidence faces include two incidence faces 10A 
and 15B oppoeing to each other as in this embodiment. If so structured, two 
, kinds of micro-rof lector e may be arrayed in correspondence to the 
^ incidence facee 15A and 15B, respectively 

In this case, howover, an accordingly increased number of micro- 
reflectors are arranged and there arises a possibility that micro-reflectors 
shared for one incidence face affect on a propagation of light introduced 
through the other incidenco face. 

Further, the incrcaocd number of micro-Tef I actors as above limit a n 
area usable fox the slopes 20A, poeeibly causing the Rlnpes 20A to have a 
reduced direction convorcion ability. In view of these matters, this 
embodiment employs symmetric micro-reflectors having the same 
configuration on the inaor input side and the inner output side. 

In the next place, Figs.4 and 5 are graphs plotting angular emission 
characteristics in cases, respectively, in each of whir.h a atraight-line-like 
fluorescent lamp is arranged only at the incidence face 16A or only at the 
incidence face 1GB. Fig.G is a graph plotting angular emission 
characteristics in a case where straight-lino -like fluorescent lamps are 
arranged both at the incidence faces 15A and 15B. 

Further. Fig.7 is a graph plotting angular emiaaion face characteristics 
m a case where an illumination light is introduced though the incidence 
face 15C of the same light guide plate. And Fig-8 is a graph plotting angular 
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emission face characteristics in a case wherR an illumination, light is 
Introduced though all of tho both longer incidence face.R lrtA and 15B and 
one shorter inoidonco face 15C of the light guide plate. 

In the grophc of Figs. 4 to 8, an ordinate on an ordinate axis extending 
obliquely from tho left-handed bottom to the right-handed top expresses a 
direction (angle) in a plane perpendicular tn the incidence faces 15A and 
J5B, and an ordinate on an ordinate axis extending ohliquely from the 
right-handed bottom to the left-handed top expresses a direction (angle) in 
a plane perpendicular to tho incidence face 15C. Anglfi of U degree 
corresponding to a frontal direction in each of the planfis. And, an observed 
light, intensity (amount of light) at a point above a generally center of the 
light guide plate is expressed in height of a mesh-like hill 

In the first place, it is underetood from comparing Fig.4 witn Fig.fi that 
fluxes of light introduced through the incidence faces 15 A and IfiH can be 
emitted with a generally equivalent directivity and intensity. 

Further to this, it ia understood from Pig.6 that a eiTniilt.anftnuR light 
introduction through both incidence faces 15A and 15K brings generally 
doubled emission. A preferential omioeion direction is generally frontal both 
in planets perpendicular and parallel to the incidence faces ISA and lftB 
without fail. 

Fig. 7 also shows characteristics which provide a preferential emission 
direction frontal both in planes perpendicular and parallel to the incidence 
faces 15A and 15B, even if rather less sharp as compared with Figs.4. and 5. 
Fig.8 illustrates characteristics obtained by piling up the graphe of Figs. 6 
and 7. 

Tt is understood from Fig.8 that characteristics providing a preferential 
amission direction frontal both in planes perpendicular and parallel to the 
incidence faces 15A and 15B is alsu obtained in the case where light ie 
simultaneously introduced through incidence faces 15A, 15B and 15C. 
Besides, a very bright surface light source device can bo provided by 
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employing 3uch a three-direction light supply. 

(2) Second Embodiment 

Fig.9 is a plan view illustrating a back face of a light, guide plate 
employed in a surface light source device applied to a iitiuid crystal display 
of a second embodiment in accordance with th« present invention. 

This embodiment employe a light guide plate 25 which has the same 
structure as that of the light guide plate 15 in p.™ ployed in the first 
embodiment, as understood easily from a comparison with Kig.l , except that 
a fluorescent lamp 24 having a different shape and diffp.rfmtiy arranged is 
employed and the light guide plate 25 has a differently structured hack face 
25E. 

Therefore the following description ie focused on the difference. Tu the 
firsL place, the fluorescent lamp 2d ie generally L-shaped, being disposed as 
to along nil end face 25B corresponding to one of longer sides and along an 
adjaceut end face 25C corresponding to one of shorter sides. Accordingly, 
the end faces 25A and 25B provide incidence faces and light is introducer 
through the end faces 25A and 26B which extend perpendicularly to eanh 
other. 

The back face 2GB is provided with a groat number of micro-reflectors 
29 and ridge-like projections 20 in a similar way as compared with the light 
guide plate 15 employed in the first embodiment. Each ridge-like 
projections 20 has slupes 20And 20B which extend in a direction generally 
perpendicular to the incidence face 25D and generally parallel to the 

incidence face 25C. 

Wach micro-reflector 29 has a shape similar to that of a micro-reflector 
19 employed in the first embodiment. That is, a pair of slopes are formod as 
tn meet each other, providing a ridge. Each micro-reflector 20 ia orientated 
so that the ridge extends in a direction generally perpendicular to the 
incidence face 23B. 
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Further, an arrangement of tk micro-TRflBfitors 29 are designed SO that 
they have no striking periodic regularity. 

In this embodiment, a flux of light introduced through the incidence 
faces 26B io direction-converted mainly hy the micro-reflectors 29 into a 
flux having a gonorally frontal direction, being emitted from an emission 
face. 

On the other hand, a flux of light, introduced through the incidence 
faces 26C io direction-converted mainly hy the ridge-like protections 20 inLu 
a flux having a generally frontal direction, being emitted from an emission 
face. Details of direction conversion Effected by micro-reflectors and ridge - 
like projections are not repeated because they will be understood from those 
in the fir at ombodiment. 

(3) Modifications 

The abovo- described embodiments do not limit the scope of ike present 
invention at all. For example, thfi following modifications are allowed 
without deviating from the scopp. of the present invention. 

(i) Micro-reflectors may be shappri differently as compared with ike 
above embodiments. The employed symmetric shape having an equivuleut 
configuration at the input side and out. put side 16 a Simply structured 
example. In come cases, asymmetrical ly shaped micro-reflectors may be 
employed. 

Further, micro-reflectors shaped like other than auadrangle pyramidb 
may be adopted. It is eeeential that micro-ref lectors are able to provide a 
generally frontal omieeion after a direction -conversion through mainly 
doable reflections at a pair of slopes, it is, howP.ver. preferably avoided 
surely as possible to employ a shape such that, the inner incidence to the 
blupcs is blocked. 

(ii) Ridge-like projections 20 may have a r.rosa section shaped like other 
than triangle provid d by a pair of slopp.fi. I' or example, only slopes 20A may 

1G 
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be formed. If go chap d t the light guide plate sets thinner gradually along a 
direction. 

(iii) A pair of elopes of each micro-reflector need not always to tie 
connected directly to each other. A pair nf slopes may be connected to each 
other with a curved face interposed between them so far as a practically 
enough performance is realized. Alternatively, a pair of slopes themselves 
may conoict of curved surfaces. 

In theee cases, as viewed from the emiKftion face side, top lines of the 
curved 3urfacee forms ridges, and micro-reflectrvrR are orientated so that the 
ridgee oxtend in a direction generally perpendicular to an incidence face. 

(iv) A covering rate of miero-reflectors may be adjusted as retired. 
And this adjustment may be performed through adjusting number density 
or size of micro-reflectors. Both may be appliert in combination at the same 
time. 

(v) In the above embodiment, a pitch adjustment, nf the slopes 20A of 
the ridge like projections 20 is employed tor providing a flat emission 
intensity. However, factors euch as si we nf a slope 20 A may be adjusted 
instead of or in addition to such a pitch adjustment. In every case, such 
adjuotmente are prefer ably carried out. as required. 

(vi) The above embodiments are described a a they are applied to 
displays for a car navigation devices. However, this puts no limitation, and 
the present invention may be applied to various appliances which require a 
surface -like illumination. 
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